
GEOLOGY AND GROUND-WATER RESOURCES
OF HARDIN COUNTY, TEXAS

TEXAS WATER COMMISSION
BULLETIN 6406

JUNE 1964



TEXAS WATER COMMISSION

Joe D. Carter, Chairman
O. F. Dent, Commissioner

H. A. Beckwith, Commissioner

BULLETIN 6406

'1
J

GEOLOGY AND GROUND-WATER RESOURCES

OF HARDIN COUNTY, TEXAS

By

E. T. Baker, Jr., Geologist
United States Geological Survey

Prepared by the U. S. Geological Survey
in cooperation with the
Texas Water Commission

and the
Lower Neches Valley Authority

June 1964



Published and distributed
by the

Texas Water Commission
Post Office Box 12311
Austin, Texas 78711

Authorization for use or reproduction of any original
material contained in this publication, i. e., not obtained
from other sources, is freely granted without the necessity
of securing permission therefor. The Commissi.on would ap
preciate acknowledgement of the source of original material
so utilized.



TABLE OF CONTENTS

Page

ABSTRACT. . . . . • . . . . . . • . . . . . • . . . . . . . . . . . . . . • . . . . . . . . . . • . . . . . . . . . . . . . . . . . . 1

INTRODUCTION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . • . • 5

Location and Extent of Area............................ 5

Purpose and Scope of Investigation................................ 5

Methods of Investigation.......................................... 5

Well-Numbering System.............•............. "................. 7

Previous Investigations............................................ 8

Economic Development.............................................. 9

Physiography and Drainage......................................... 9

Climate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . 12

Acknowledgments. . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

GEOLOGY AS RELATED TO THE OCCURRENCE OF GROUND WATER...... .......•..... 15

General Stratigraphy and Structure................................ 15

Physical Characteristics and Water-Bearing Properties of the
Geologic Formations............................................. 19

Lagarto Clay and Oakville Sandstone.......................... 19

Goliad Sand.................................................. 20

Willis Sand .............•..................,.................. 21

Lissie Formation.............................................. 23

Beaumon t Clay............ . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . 25

Alluvium... . . . .. 27

Origin and Mode of Deposition of the Aquifers..................... 28



TABLE OF CONTENTS (Cont'd.)

Page

Gulf Coast Aquifer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • . . . . . 30

GROUND-WATER HYDROLOGY... . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . • . . . . . . . . . . 30

Source and Occurrence of Ground Water.............. 30

Recharge, Movement, and Discharge of Ground Water...... 31

Hydraulic Characteristics of the Aquifers. 35

Development of Ground Water.......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

Public Supply................................................ 43

Indus trial Use............................................... 45

Irr iga t ion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . .. . . . . . . . . . . . . . . . . • 48

Domestic and Livestock Needs.. 48

Changes in Water Levels in Wells.. 48

QUALITY OF GROUND WATER................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

Chemical Quality.................................................. 53

Temperature....................................................... 71

PROBLENS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

Salt-Water Contamination.......................................... 71

Lateral Movement Through the Aquifers................... 71

Upward Movement Through Underlying Sediments.. ..•. 72

Sal t Domes.. . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . 74

Oil-Field Operations......................................... 78

Land Subsidence................................................... 79

AVAILABILITY OF GROUND WATER FOR FUTURE DEVELOPMENT.... 83

Hardin County (Excluding Salt-Dome Areas) '" 84

Sal t-Dome Areas... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91

Batson .... , .. , ..............•... , .... " ... . . . .•. . . . . . . ... . . . . 91

Sara toga. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94



TABLE OF CONTENTS (Cont'd.)

Page

Sour Lake....................................... . . . . . . . . . . . . . 98

CONCLUSIONS. . . . . . . . . . . • . . . . . . . . . . • . . • . . . . . . . . . . . • . . • . . . . . . . . . . . . . • . . • . . 101

REFERENCES CITED....................................................... 105

TABLES

1. Correlation of nomenclature Miocene to Recent Series in the Gulf
Coast region of southeastern Texas and southwestern Louisiana.... 16

2. Coefficients of transmissibility, permeability, and storage
determined from pumping tests of selected wells that tap the
Gulf Coast aquifer in Hardin and Jasper Counties....... 37

3. Yields and specific capacities of selected wells that tap the Gulf
Coast aquifer in Hardin and Jasper Counties......... ..•.......... 42

4. Use of ground water in Hardin County, 1962.......................... 43

5. Comparison of quality of ground water in Hardin County with
standards reconnnended by the U. S. Public Health Service and
others. . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . 67

6. Approximate time and pumping rates to dewater the Gulf Coast
aquifer from line source of recharge to various pumping levels
at 1 ine of discharge............................................. 90

7. Approximate quantity of ground water that can be obtained continu
ously after dewatering the aquifer without exceeding various
pumping levels at line of discharge. 91

8. Records of wells in Hardin County and adjacent areas......... 111

9. Drillers' logs of wells in Hardin County. 140

10. Water levels in wells in Hardin County '" .. .. .. . . . 170

11. Chemical analyses of water from wells in Hardin County............. 172

ILLUSTRATIONS

Figures

1. Map of Texas Showing Location of Hardin County...... ......•........ 6

2. Monthly Precipitation, Temperature, and Evaporation at Beaumont,
Jefferson County. . . . . . . . .• . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . 13



TABLE OF CONTENTS (Cont'd.)

Page

3. Annual Precipitation at Beaumont, Jefferson County. 14

4. Geologic Map of Southeastern Texas and Southwestern Louisiana..... 17

5. Monthly Flow of Village Creek near Kountze, Hardin County.... ..... 34

6. Graph Showing Relation of Drawdown to Transmissibility............ 38

7. Graph Showing Relation of Drawdown to Time as a Result of Pumping
under artesian conditions...................... 40

8. Graph Showing Relation of Drawdown to Time as a Result of Pumping
Under Water-Table Conditions.................................... 41

9. Use of Ground Water for Public Supply in Hardin County, 1943-62... 44

10. Use of Ground Water for industry in Hardin County, 1943-62........ 46

11. Use of Ground Water for Irrigation in Hardin County, 1947-62...... 49

12. Hydrographs of Water Levels in Wells in Hardin County............. 52

13. Diagram for the Classification of Irrigation Waters... 58

14. Approximate Altitude of the Base of Fresh to Slightly Saline
Water, Hardin County and Adjacent Areas........... 61

15. Approximate Altitude of the Base of Fresh to Slightly Saline
Water in the Batson Area, Hardin County. 63

16. Approximate Altitude of the Base of Fresh to Slightly Saline
Water in the Saratoga Area, Hardin County....................... 64

17. Approximate Altitude of the Base of Fresh to Slightly Saline
Water in the Sour Lake Area, Hardin County.... 65

18. Chemical Quality and Temperature, Permeability, and Water Levels
Measured in Various Water-Bearing Sands and the Electric Log of
Well LH-6l-55-205, Hardin County. 66

19. Chemical Composition of Water from Representative Wells, Hardin
County. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

20. Changes in Chloride Content of Water from Industrial Wells,
Jefferson County. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

21. Changes in Chloride Content of Water from City of Sour Lake Wells,
1941-62 '" " '" 77

22. Comparison Between Depth to Base of Fresh to Slightly Saline Water
Sands and Amount of Surface Casing Required in Oil Fields in
Hard in Coun ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80



TABLE OF CONTENTS (Cont'd.)

Page

23. Approximate Thickness of Sand Containing Fresh to Slightly Saline
Water in Hardin County and Adjacent Areas....................... 85

24. Approximate Thickness of Sand Containing Fresh to Slightly Saline
Water in the Batson Area, Hardin County......................... 93

25. Approximate Thickness of Sand Containing Fresh to Slightly Saline
Water in the Saratoga Area, Hardin County....................... 96

26. Approximate Thickness of Sand Containing Fresh to Slightly Saline
Water in the Sour Lake Area, Hardin County......... 99

Plates

1. Map Showing Location of Wells in Hardin County and Adjacent
Area s .

2. Map Showing Location of Wells in the Batson Area, Hardin County

3. Map Showing Location of Wells in the Saratoga Area, Hardin
County .

4. Map Showing Location of wells in the Sour Lake Area, Hardin
County .

5. Geologic Section A-A', Hardin County .

6. Geologic Section B-B', Hardin County .

7. Geologic Section C-C' of the Batson and Saratoga Areas, Hardin
County .

8. Geologic Section D-D' of the Sour Lake Area, Hardin County .....

Follows

Page 179

Plate 1

Plate 2

Plate 3

Plate 4

Plate 5

Plate 6

Plate 7



G E 0 LOG Y AND G R 0 U N D - WATE R RES 0 U R C E S

o F HARDIN C 0 U N T Y, T E X A S

ABSTRACT

Hardin County, having an area of 895 square miles, is in the West Gulf
Coastal Plain of southeastern Texas and is in the second tier of counties north
of the Gulf of Mexico. The county had a population of 24,629 in 1960. Kountze,
the county seat, had a population of 1,768 in 1960, and is 25 miles northwest of
Beaumont and 75 miles northeast of Houston. The county has a humid climate and
an average precipitation of about 54 inches per year. Almost all of Hardin
County is in the Neches River drainage basin.

The ~conomy is dependent largely upon the availability of ground water for
industry andagricul ture. Irriga tion is practiced in the southern part of the
county where rice is the principal crop. A large part of the industrial devel
opment is associated closely with lumbering and the production of petroleum and
natural gas.

Deposits of gravel, sand, silt, and clay of Miocene, Pliocene, Pleistocene,
and Recent age underlie Hardin County. The deposits (except those of Recent
age) crop out in belts parallel to the coastline and dip gently southeastward
at an angle greater than the slope of the land, thereby creating artesian aqui
fers. The deposits of Recent age are exposed along the Neches River and trans
gress the older formations.

The formations that yield fresh to slightly saline water to wells are the
Lagarto Clay (Miocene(?)) and the Oakville Sandstone (Miocene), Goliad Sand
(Pliocene), the Willis Sand (Pliocene(?)), Lissie Formation and Beaumont Clay
(Pleistocene), and alluvium of Recent age along the Neches River. Only the
Lissie Formation, Beaumont Clay, and alluvium are exposed in Hardin County.

The surface geology of Hardin County is represented by alluvial sequences
of sediments deposited by streams as deltaic plains during periods of rising
sea level as glaciers waned. Each alluvial sequence of sediments is typically
stratified and grades from basal gravelly sand upward into finer sand, silt,
and clay. The upper limit of each alluvial sequence is represented physiograph
ically by a terraced depositional surface, except for the youngest, which is
represented by the Neches River flood plain. The Pleistocene surface in Hardin
County consists of two terraced, coastwise plains, which merge inland with con
temporaneous fluviatile terraces along the Neches River. The Recent surface is
the modern flood plain of the Neches River.

The term "Gulf Coast" aquifer, when used in this report, includes collec
tively all the geologic formations that contain fresh to slightly saline water
in Hardin County.



Ground water in Hardin County moves southeastward from areas of recharge
to areas of discharge. An average rate of movement in the Gulf Coast aquifer
is perhaps 20 feet per year. Precipitation on the outcrop is the primary
source of recharge to the aquifer. The outcrop is saturated in most places
and rejects additional rainfall at the rate of about 54,000 acre-feet per
year after evapotranspiration needs are fulfilled.

The use of ground water in Hardin County has increased significantly over
the last two decades. In 1943, the total withdrawal of water was about
1,000,000 gpd (gallons per day). By 1962, ground-water withdrawal had in
creased almost 10 times to 9.8 million gpd. Of this amount, 50 percent was
used for public supply, 19 percent was used for industry, 25 percent was used
for irrigation, and 6 percent was used for domestic and livestock purposes.
Thirty-eight percent of the county's total pumpage was from the city of Beau
mont's two large-capacity wells at Loeb.

Ground-water levels have declined only slightly because the aquifers have
been only partly developed. Declines in some industrial and public-supply
wells have averaged 0.6 foot per year. This is not a significant rate of de
cline as the artesian pressure is sufficient to maintain water levels close to
the surface. A significant decline in artesian pressurE~, however, has occurred
at Loeb since 1959 as a result of heavy withdrawals in that area. Water levels
in some observation wells in this vicinity of heavy pumping have been declining
at the race of about 1.5 to 2 feet per year. The rate of decline may be ex
pected to increase as additional wells are put in production.

Ground water in the Gulf Coast aquifer is good to excellent and is suit
able for most public supply, industrial, and irrigation purposes. Results of
chemical analyses indicate that ground water in most of the county is a sodium
bicarbonate water, low in dissolved-solids content, which generally does not
exceed the maximum concentrations of chemical constituents as recommended by
the U. S. Public Health Service. Mineralized water comrrlonly occurs in the
salt-dome areas, however.

Pumping tests in wells that tap the Gulf Coast aquifer gave an average
coefficient of transmissibility of 83,000 gpd per foot. An estimated coeffi
cient of transmissibility, based on the total thickness of water-bearing mate
rials in the fresh to slightly saline water section, is between 100,000 and
200,000 gpd per foot in most of the county. Yields of 4,000 to 6,000 gpm
(gallons per minute) and specific capacities of 40 to 50 gpm per foot are pos
sible with properly constructed wells in favorable locations.

Fresh ground water is being contaminated by salt water in places, although
on a regional scale it is not a serious problem. Most of the contamination is
encroachment of salt water by lateral movement in salt-dome areas or in south
eastern Hardin County. Of greatest concern is the gradual northward movement
of the salt water from northern Jefferson County into southeastern Hardin
County. The rate of encroachment is expected to increase as artesian pressure
is lowered by large withdrawals of water in the Loeb area.

Land subsidence from withdrawals of ground water may be occurring in south
eastern Hardin County. However, additional land subsidence is an expected
consequence of large ground-water pumpage and probably will occur in the Loeb
area.

- 2 -



The vast ground-water resources of Hardin County are only partly develop
ed. The fresh to slightly saline water section has a maximum thickness of al
most 2,300 feet, and the sand beds containing fresh to slightly saline water
attain a composite maximum thickness of 1,500 feet. The volume of fresh to
slightly saline water in transient storage in the Gulf Coast aquifer in Hardin
County is estimated to be 170,000,000 acre-feet. Most of the water is not re
coverable for development by known methods at present costs partly because of
the depth at which it occurs, but high artesian heads and high specific capa
cities are favorable to future development within economic limits of pumping
lifts.

An estimate of the potential quantity of groundwater perennially avail
able from the Gulf Coast aquifer in Hardin County, withqut exceeding various
pumping levels, required many assumptions, chiefly because of the lack of suf
ficient hydrologic data. Hardin County, for instance, could support a ground
water development of 100 mgd (million gallons per day) indefinitely with pump
ing levels not exceeding 400 feet along a line of discharge of about 71 wells
equally spaced across the county and each well pumping 1,000 gpm. Under the
assumed conditions, it would require 173 years of pumping 200 mgd to lower the
water levels to 400 feet. The water thus produced would have a quality suit
able for public supplies, most industries, and irrigation.

Before large developments of ground-water supplies are planned, the area
should be explored by test drilling. The problems of well spacing and pumping
rates should be studied thoroughly in order to determine the optimum conditions
of development permitted by the available ground-water supply. Current peri
odic observations should be continued with special emphasis on the progress of
salt-water encroachment.

- 3 -



GEOLOGY AND G R 0 U N D - WATE R RES 0 U R C E S

o F HARDIN C 0 U N T Y , or E X A S

INTRODUCTION

Location and Extent of Area

Hardin County is in southeastern Texas between la.titudes 30°05' and 30°35'
N and longitudes 94°00' and 94°45' W. It is bordered on the north by Polk and
Tyler Counties, on the west by Liberty County, on the south by Liberty and Jef
ferson Counties, and on the east by Orange and Jasper Counties (Figure 1).
Kountze, the county seat, is 2S miles northwest of Bea.umont and 75 miles north
east of Houston. The area of the county is 895 square miles.

Purpose and Scope of Investigation

The Hardin County investigation was started in January 1962 as a coopera
tive project of the Lower Neches Valley Authority, the Texas Water Commission,
and the U. S. Geological Survey. Its purpose was to determine and describe the
ground-water resources of Hardin County. The results of the investigation in
clude an analytical discussion of the geology and hydrology as it relates to the
occurrence and availability of ground water. The report presents information
and data obtained during the investigation that can be used in obtaining opti
mum benefits from available ground-water supplies.

The investigation included a determination of the location and extent of
sands containing fresh to slightly saline water (less than 3,000 parts per mil
lion dissolved solids), the chemical quality of the water they contain, the
quantity of water being withdrawn and the effect the withdrawals have had on
water levels, the hydraulic characteristics of the water-bearing sand, and the
quantity of ground water available for development.

The investigation was made under the immediate superv~s~on of A. G. Winslow,
district geologist of the U. S. Geological Survey in charge of ground-water in
vestigations in Texas.

Methods of Investigation

To accomplish the investigation of the ground-water resources of Hardin
County, the following items of work were done:

- 5 -
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1. An inventory was made of 296 wells, including all municipal, industrial,
and irrigation wells, and a representative number of 1 iLvestock and domestic
wells (Table 8). The locations of the wells inventoried are shown on Plates 1
through 4.

2. The electric logs of 273 oil tests were used for correlation and eval
uation of subsurface characteristics of the water-bearing units. In addition
to the electric logs, 65 drillers' logs of water wells (Table 9) were used as
an aid in determining the total thickness of sand con~~ining fresh to slightly
saline water.

3. An inventory was made of municipal, industrial, and irrigation pumpage.

4. Pumping tests were run in 20 wells to determine the hydraulic charac
teristics of the water-bearing sands (Table 2).

5. Elevations of water wells were determined from topographic maps.

6. Measurements of water levels were made in wells and available records
of past fluctuations of water levels were compiled (Table 10).

7. Climatological and streamflow records were collected and compiled
(Figures 2, 3, and 5).

8. The areas of recharge and natural discharge were determined.

9. Samples of water were collected from 144 wells to determine the quality
of the water (Table 11).

10. Maps, cross sections, charts, and graphs were prepared correlating and
illustrating geologic, hydrologic, and quality-of-water data.

11. The hydrologic data were analyzed to determine the quantity and quality
of water available for development from the water-bearing units.

12. Problems related to development of ground-water supplies in Hardin
County were studied.

Well-Numbering System

The well-numbering system used in this report is one adopted by the Texas
Water Commission for use throughout the State and is based on latitude and lon
gitude. Under this system, each l-degree quadrangle i.n the State is given a
number consisting of two digits. These are the first 2 digits appearing in the
well number. Each l-degree quadrangle is divided into 7-1/2 minute quadrangles
which are also given 2-digit numbers from 01 to 64. These are the third and
fourth digits of the well number. Each 7-1/2 minute quadrangle is subdivided
into 2-1/2 minute quadrangles and given a single-digit: number from 1 to 9. This
is the fifth digit of the well number. Finally, each well within a 2-1/2 minute
quadrangle is given a 2-digit number in the order in ~mich it is inventoried,
starting with 01. These are the last two digits of the well number. In addi
tion to the 7-digit well. number, a 2-letter prefix is used to identify the
county. The prefixes for Hardin County and adjacent counties are as follows:

- 7 -



County Prefix County Prefix

Hardin LH Orange UJ

Jasper PR Polk UT

Jefferson PT Tyler YJ

Liberty SB

Previous Investigations

Prior to this investigation, little detailed study had been made of the
ground-water resources of Hardin County. Among the first investigations was
that by Taylor (1907, p. 47-48), who included in his study the whole coastal
plain of Texas, discussing briefly the wells in Hardin County. Deussen (1914,
p. 186-219), in a reconnaissance investigation of the southeastern part of the
Texas coastal plain, discussed in more detail than did Taylor the geology and
hydrology of Hardin County, and included a list of wells and springs and dril
lers' logs of wells.

The next work was done in 1942 when Cromack (1942) inventoried more than
100 wells and included chemical analyses and drillers' logs in his report.
These records served as a guide to landowners, officials of industrial plants,
well drillers, and others who needed information regarding wells, the depth to
ground water in various parts of the county, and the quantity and chemical char
acter of water yielded by the wells.

Rose (1945) conducted an investigation of ground water in the Beaumont
area with special reference to southeastern Hardin Counl~ and southwestern Jas
per County. This report discussed the possibilities of developing a ground
'vater supply possibly as great as 20 mgd (million gallons per day) in south
eastern Hardin County or southern Jasper County.

Sundstrom, Hastings, and Broadhurst (1948, p. 124-126) presented a sum
marized description of the public water supplies of eastern Texas, including
in Hardin County basic data on the public-supply wells of Honey Island, Kountze,
Silsbee, and Sour Lake.

In 1956, Wood reported on the availability of ground water in the Gulf
Coast region of Texas, describing the potentialities for development of large
ground-water supplies suitable for industrial or irrigation use.

A report by Wood, Gabrysch, and Marvin (1963) discussed the order of mag
nitude of the ground-water supplies potentially available from the principal
water-bearing formations in the Gulf Coast region, which includes Hardin County.

- 8 -



Economic Development

A large supply of easily obtainable fresh ground water is one of the most
important natural resources of Hardin County. The ground water is widely used
throughout the county for public supply, industrial, ilrrigation, and domestic
and livestock purposes. The water is basic to both the present and future wel
fare and economy of the county.

Hardin County derives its income principally froul timber, oil and gas, and
agriculture, principally rice farming. The raising of beef cattle, poultry, and
dairying also add to the economy of the area. The cities of Silsbee, Kountze,
and Sour Lake are the industrial centers of the county. Silsbee, the largest
city, is a connnercial center for lumbering, oil, and livestock. Kountze, the
county seat, is the center of the lumber industry, having three sawmills in
operation, where pine, gum, ash, and some hardwoods are processed. Sour Lake
derives its principal income from oil production, the Sour Lake oil field being
in and around the center of the city. Rice farming is practiced successfully
on the nearly level plains around Sour Lake.

Dense forests, largely pine trees with an undergrowth of hardwood trees,
mainly oak, gum, elm, ash, and some hickory, occupy 89 percent of the county.
The region of dense forests is part of the "Big Thicket" of southeastern Texas.
Systematic logging and reforestation programs are practiced as conservation mea
sures for this important source of income.

The production of oil and gas in Hardin County is an important source of
revenue (about $28,000,000 in 1958). Oil was first discovered in Hardin County
at Saratoga in 1893; about 272 million barrels of oil was produced to January 1,
1962. Production of oil in 1961 was about 6 million barrels, according to re
cords of the Railroad Connnission of Texas (1962). The Commission recognized 87
oil fields (including multiple pay zones in anyone locality) in Hardin County
in 1961.

Hardin County had a population of 24,629 in 1960, an increase of 21 percent
over 1950. Seventy-five percent of the population lives in rural areas. The
population of Silsbee increased from 3,179 in 1950 to 6,277 in 1960; during the
same period, the population of Kountze increased from 1,651 to 1,768; the popu
lation of Sour Lake (1,602) remained essentially unchanged from 1950 to 1960.
Other towns in the county include Saratoga, estimated population 350; Honey Is
land, 300; Batson, 200; Village Mills, 200; Votaw, 100; Grayburg, 75; and
Thicket; 50.

Hardin County is served by two major railroads, tlhe Missouri Pacific and
Santa Fe, and by a network of hard-surfaced Federal and State highways.

Physiography and Drainage

Hardin County is in the West Gulf Coastal Plain physiographic province.
The topographic configuration of the county can be divided naturally on the
basis of geology and age into three prominent land surfaces--the Recent alluvial
flood plains of the Neches River and two terraced Pleistocene deltaic coastwise
plains, the outcrops of the Beaumont Clay and the Lissie Formation, which slope
seaward and form belts parallel to the coastline. These two coastwise plains

- 9 -



merge inland with their contemporaneous fluviatile terraces flanking the Neches
River.

The alluvial valley of the Neches River, consisting of Recent alluvial de
posits, is a broad, generally flat-bottom flood plain bounded by well-defined
valley walls. The major tributaries of the river exhibit the same physiographic
features on a smaller scale. The low-lying Recent flood plains, ranging in
elevation from about 5 feet in southeastern Hardin County to about 40 feet in
the northeast, slope seaward at an average rate of 1.3 feet per mile.

Bernard (1950, p. 61-62) recognized an early Recent terrace along the
Sabine and Neches Rivers, which he named the Deweyville terrace. This terrace
along the Neches River has a large areal extent and a width of 4 miles or more.
Swamps, marshes, abandoned river channels, and oxbow lakes characterize this
sandy Recent terrace. Barton (1930a, p. 382) first noted these fluviatile fea
tures of the Deweyville terrace and stated, "The ancient Neches and Sabine
Rivers, therefore, must have been very large rivers. The rainfall in the Gulf
Coast must have been greater in late Pleistocene and early Recent times than
it is at present."

The alluvial valley of the Neches River is covered by a dense growth of
hardwood trees and relatively few pine trees, the pines being restricted to the
Deweyville terrace. The alluvial valley extends inland, traversing other con
trasting physiographic features. When viewed from the air, the Recent flood
plains of the valley are the most distinctive physiographic features of the area
(Bernard, 1950, p. 11).

The Recent flood plains and terraces of the Neches River are bounded by
valley walls or scarps about 10 to 40 feet high and are as much as 10 to 12
miles wide on either side of the Neches River. The valley walls or scarps are
the terraced remnants of older depositional surfaces or ancestral flood plains
that have since been uplifted and eroded and, in many places, considerably dis
sected. Each valley terrace merges downstream with a contemporaneous seaward
facing deltaic coastwise plain.

The plain formed by the outcrop of the Beaumont Clay consists of a fluvi
atile upstream terrace along the valley walls of the Neches River and a coast
wise deltaic plain which occupies the interstream divides. The deltaic plain,
which has been relatively uneroded, has a gentle slope seaward of about 1.5
feet per nile and ranges in elevation from about 25 feet near Pine Island Bayou
in southeastern Hardin County to about 50 feet at its contact with the plain
formed by the outcrop of the Lissie Formation. The deltaic plain is about 10
to 15 feet higher than the Recent bottomlands along the Neches River. It oc
cupies roughly the southern half of Hardin County. Its surface is characterized
by grass-covered prairies where typical backswamp interlevee clays were deposit
ed, although where sandy, the surface supports a dense growth of pine and hard
wood trees.

The plain formed by the outcrop of the Lissie Formation consists of a
coastwise deltaic plain, which occupies the interstream divides, and a fluvia
tile upstream terrace, which according to Bernard (1950~, p. 86-94), extends
along the Neches River Valley scarp for about 50 miles. The deltaic plain oc
cupies rOJghly the northern half of Hardin County. The plain is characterized
by isolated grass-covered surfaces and in many places by a dense growth of pine
trees and an undergrowth of hardwood trees. The deltaic plain is separated from
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the adjoining deltaic plain formed by the outcrop of the Beaumont Clay by a
seaw?_rd-facing escarpment. The regional s trikes of the two plains are almost
parallel. The slope of the upper plain ranges from about 3 feet per mile along
its inland margin to as much as about 8 feet per mile near the contact with the
adjacent lower plain. The seaward-facing escarpment of the surface generally is
dissected but is represented by a line of low hills about 10 feet above the
lower plain. Most of the original depositional forms of the higher plain, such
as meanders, channels, and natural levees, have been obliterated. The elevation
of uneroded remnants of the plain ranges from about 60 feet at its seaward
facing escarpment to about 200 feet at the base of the scarp of the next higher
plain in Tyler and Polk Counties.

Various depositional and erosional features such as pimple mounds, baygalls,
pock marks, or prairie ponds are found on the Pleistocene surfaces in Hardin
County. Baygalls and pock marks or prairie ponds are small depressions, which
probably are the remains of incompletely filled ancestral stream channels.
Bernard (1950, p. 86) reported that pimple mounds are more common on the upper
part of the outcrop of the Lissie Formation than on any other surface, and gen
erally are aligned in rows along the divides of concentrated sheetwash. Bernard,
Le Blanc, and Major (1962, p. 188) agreed that the mounds are in alignment with
the slope of the land and the drainage. These pimple mounds are very low, 1 to
4 feet high, generally circular although a few are oblong, and range in diameter
from about 10 to 60 feet. They occur only on silty or sandy terrains having
gentle slopes, and probably are either erosional or accumulational (erolian) in
origin (Saul Aronow, 1962, oral communication).

Some of the piercement-type salt domes have an effect on the topography in
Hardin County; slight relief of a few feet is apparent at the Sour Lake and
Batson salt domes. Sellards (1930, p. 11) stated that the 44-foot topographic
contour encircles the Sour Lake dome and the high point of the surface of 56
feet is slightly south of the structural high point of the dome. Sawtelle (1925,
p. 1279) reported that the elevation of the land surface at Batson is not more
than 10 feet above the surrounding country. The topography at Saratoga, in
contrast to that at Batson and Sour Lake, apparently has little relation to the
sal t done.

All of Hardin County is drained by the Neches River and its tributaries,
with the exception of about 8 square miles in the extreme northwestern part of
the county which is drained by a tributary of the Trinity River. Pine Island
Bayou and Little Pine Island Bayou drain the western part of the county, while
Village Creek and Cypress Creek drain most of the northern and eastern parts.
Because much of the surface of the county consists of young depositional plains
of low elevation and gentle seaward slopes, the drainage is consequent to the
maximum slope of the plains and the depositional morphology of the sediments.

Numerous small tributaries head near the contacts of the Beaumont Clay and
Lissie Formation and the Lissie Formation and Willis Sand where there is a
change in slope of the coastwise plains. Depositional features such as natural
levees and abandoned channels control the minor drainage on the outcrop of the
Beaumont Clay in the southern part of the county, whereas the major drainage is
dendritic and controlled by the regional slope of the plain. Drainage on the
more dissected outcrop of the Lissie Formation is controlled largely by the re
gional slope of the plain.
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The ~eches River heads in Van Zandt, Smith, and Henderson Counties in the
northeastern part of Texas and flows southeast to the northwest corner of Jas
per County, whence it continues in a south-southeast direction and empties into
Sabine Lake, where the river has its greatest width of about 1,200 feet. A mi
nimum width of about 500 feet is maintained upstream to Beaumont from which
point upstream to its confluence with Pine Island Bayou, the Neches River is
not less than about 400 feet wide. From Pine Island Bayou upstream to the north
eastern part of Hardin County, the width ranges from about 100 to 300 feet.

Meander belts characterize the Neches River where it nears the coast. From
northeastern Hardin County to Pine Island Bayou, its meander belt does not ex
ceed 0.6 mile in width; from Pine Island Bayou to Beaumont, the meander belt
increases to 0.8 mile in width and the belt widens even more in the marshland
south of Beaumont.

Data issued by the U. S. Corps of Engineers office in Galveston indicate
an average gradient of 0.7 foot per mile in the Neches River from north-central
Tyler County to Sabine Lake. South of Beaumont in the tidal section, its gra
dient is zero for average bank stage and less than 0.4 foot per mile for high
water stage (Bernard, 1950, p. 27).

Climate

Hardin County has a humid climate as indicated by Figures 2 and 3 which
show graphically the precipitation, temperature, and evaporation at Beaumont.
Precipitation averaging 54.28 inches annually is fairly well distributed through
out the year, being greatest from May through September and least from January
through April. Droughts occur infrequently and generally are not prolonged.
Because rice, the principal crop in Hardin County, is irrigated with ground
vm ter, no damage to the crop results from periods of defic ient rainfall.

The average annual temperature in Hardin County is about 70°F (Figure 2),
the average January temperature being about 55°F and the average July tempera
ture about 84°F. Freezing weather may be expected in the winter, but is usually
of short duration. The approximate dates for the last killing frost in spring
and the first killing frost in the fall are March 1 and December 2. The long
growing season of 277 days is favorable to agriculture.

The .3.verage monthly evaporation from a free-water surface, as determined
a t the Agricul tural Experimental Station near Beaumont, is shown in Figure 2.
The adjusted potential average annual evaporation of 47.42 inches is 87 percent
of the average annual precipitation. Evaporation is greatest during the hot
summer when the soil-moisture demand to sustain plant life also is large. How
ever, evaporation from soil areas is less than from a free-water surface, and
the amount: of evaporation increases as the soil becomes drier (Rich, 1951, p. 6).
Vegetatio~, because it decreases the wind velocity at the land surface, also
decreases evaporation. Thus, the 47.42 inches of annual evaporation determined
from a free-water surface near Beaumont is considerably greater than the actual
evaporation from the soil in Hardin County where 89 percent of the area is for
ested.
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Monthly Precipitation, Temperature, and Evaporation
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GEOLOGY AS RELATED TO THE OCCURRENCE OF GROUND WATER

General Stratigraphy and Structure

The geologic formations that contain fresh to slightly saline water in
Hardin County are, in order of decreasing age, the Oalwille Sandstone and the
Lagartc Clay of Miocene age and Miocene(?) age, the Goliad Sand of Pliocene
age, the Will is Sand of PI iocene (?) age, the Liss ie Formation and Beaumont Clay
of Pleis tocene age, and the alluvium of Recent age. Only the upper part of the
Lissie Formation, lower part of the Beaumont Clay, and alluvium in the Neches
River Valley are exposed in Hardin County. The Lagarto Clay and Oakville Sand
stone, Willis Sand, and lower part of the Lissie Formation crop out north of
Hardin County and are present in the subsurface in Hardin County. The upper
part of the Beaumont Clay crops out south of the county. Table I is a correla
tion of nomenclature of the Miocene through the Recent Series in the Gulf Coast
region of southeastern Texas and southwestern Louisiana. It is presented as an
aid in reconciling different geologic names and ages for the same formation when
used in discussing the geology pertaining to this report.

The geologic formations in Hardin County crop out in belts that are nearly
parallel to the Gulf Coast (Figure 4). The younger formations crop out close to
the coast and successively older ones farther inland. Because of the different
ages of the geologic formations, the outcrops are progressively more eroded and
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dissected inland. The outcrops of the upper part of the Pleistocene and Recent
formations are comparatively unE~roded and retain much of their depositional sur
faces.

The geologic formations change in lithology, dip, and thickness in the
direction of the dip and cormnonly change in lithology and thickness laterally
along the strike. The dip and thickness increase gulfward and the clastic sedi
ments comprising the formations grade from fluviatile and deltaic gravel, sand,
silt, and clay in inland areas to predominantly finer materials that interfinger
with brackish and marine deposits near the Gulf Coast and offshore.

Because of variations in lithology, dip, and thickness in short distances,
subsurface mapping of individual geologic forma tions is extremely difficult.
However, accurate delineation of the units is relatively unimportant because all
are aquifers in Hardin County and are, in most places, hydraulically connected.
Thus, the entire sequence of sediments from Miocene through Recent may be treat
ed as a single aquifer.

The relatively simple geologic structure of Hardin County is shown in the
geologic sections in Plates 5 through 8. The formations underlying the county
form a monocline that dips gently toward the coast.

The monoclinal structure is indicated by a structural map of Texas by Sel
lards and Hendricks (1946), which shows structural contours on the top of the
Textularia hockleyensis zone and the top of the Heterostegina antillea zone
(faunal zones in the deeply buried Tertiary formations in Hardin County). The
contours show that the formations dip Gulfward at 100 to 135 feet per mile in
Hardin County. Only upthrusts caused by salt domes interrupt the monoclinal
structure. The structure of the younger and more shallow geologic formations
in Hardin County generally conforms to the struc ture of the deeper faunal zones.
However, the younger formations generally have lower dips than the older forma
tions; the water-bearing units in Hardin County have dips ranging from about 85
to less than 25 feet per mile. These dips are not constant; the dip of each
formation increases near the surface contact with the next younger formation.
For example, the position of increase in dip of the Lissie Formation is near its
surface contact with the overlying Beaumont Clay.

Piercement-type salt domes, structural features influencing the occurrence
of ground water at least locally in Hardin County, underlie the towns of Batson,
Saratoga, and Sour Lake. The salt domes rise to within a few hundred feet of
the land surface, causing a general deformation of the adjacent water-bearing
formations. The availability and quality of ground water over and around the
salt domes are affected substantially.

Faults are cormnon in the subsurface of Hardin County. They are particularly
numerous around the salt domes, but generally the faults have little or no sur
face expression. Bernard (1950, p. 135-136), however, reported a prominent set
of strike faults averaging N. 80° E. on the Montgomery surface (in part, outcrop
of the Lissie Formation) in Jasper County and a throw of 17 feet was noted on
one fault. Several of the oil fields of sourtheast Tyler County and northern
Hardin County occur in alignment with the strike of several faults observed at
the surface in Jasper and Newton Counties by Bernard (1950, p. 138). The ma
jority of the faults are normal faults downthrown to the south, and they pro
bably have little effect on the movement of ground water in the county.
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